College students (134 women and 55 men) participated in introductory psychology courses that were offered largely online (on the World Wide Web) or in a lecture format. Student comprehension skills were inferred from their scores on a multimedia comprehension battery. The learning of content knowledge was affected interactively by comprehension skill level and course format. Differences between format increased with comprehension skill such that the Web-based course advantage became greater as comprehension skill increased. This same pattern was not seen when self-reports of comprehension ability were used as the predictor. Furthermore, comprehension skill did not predict course satisfaction. Generally, students of all skill levels preferred the lecture courses.
As online college courses using the World Wide Web (Web) become more common, questions about their effectiveness become more important. At present, the literature is mixed with respect to the relative effectiveness of Web-based courses. Some studies show differences favoring lecture courses, some show differences favoring Web-based courses, and many show no differences at all. Moreover, other than for methodological problems in some of these studies, the variables that might render Web-based courses more or less effective are not well understood. In this study, we sought to determine the relation between multimedia comprehension skills and learning from Web-based versus lecture courses.
Background
Several studies have compared learning and performance in media-based courses and traditional lecture courses. Table 1 summarizes the results of those studies. Hiltz (1993) compared performance in Web-based versus lecture courses in computer science, statistics, sociology, and management. As can be seen in the table, she found very similar levels of performance on midterm and final examinations. However, students in the Web-based computer science course received higher grades than did those in the traditional course because the Web-based instructor gave them additional assignments when they completed core assignments faster than students in the lecture course. Hiltz reported that grades did not differ for Web-based and lecture courses in the other subjects. Similarly, Sankaran, Sankaran, and Bui (2000) also reported no performance differences in a comparison of examination scores in a Web-based and a lecture version of a business computers course.
Two studies have shown better performance in lecture courses. Although Wang and Newlin (2000) found no differences on midterm examinations for Web-based and lecture versions of statistical methods courses, they reported better performance on the final examination in the lecture course. Students in Wang and Newlin's Web-based course collaborated on examinations prior to the final examination, but the lecture students could not collaborate. This collaboration may have hampered preparation for the individual final examination for Web-based students; lecture students may have been better prepared because all of their examinations were individual. Waschull (2001) compared lecture and Web-based sections of introductory psychology. Mean performance was higher in lecture classes than in Web-based classes, but the difference was significant only on the final examination when students self-selected sections. There were no significant differences on midterm examinations or when students were randomly assigned to sections. Self-selected students were more likely to fail the Web-based course than the lecture course.
In contrast to these reports of no difference or of better performance in lecture courses, we have consistently found better examination performance in Web-based versions of introductory psychology (R. H. Maki, Maki, Patterson, & Whittaker, 2000) . In addition, students in the Web-based sections learned more than did students in lecture sections, as indicated by a greater increase in scores on practice questions from the Psychology Graduate Record Examination (GRE; Educational Testing Service, 1994) from the beginning to the end of the semester.
The main goal of college courses is to produce student learning, but student satisfaction with the course is another important consideration. Relatively few studies have compared student satisfaction in Web-based and lecture courses and, as with the learning and performance measures, the results are mixed. Waschull (2001) compared course ratings in his introductory psychology courses and found somewhat higher ratings in the Web-based than in the lecture course, but the difference was not significant. Wang and Newlin (2000) found almost identical student ratings in their Web-based and lecture courses. R. H. Maki et al. (2000) have consistently found higher student satisfaction in lecture sections than in Web-based sections of introductory psychology.
There are a number of possible reasons for the different outcomes in the studies just cited. One is that the nature of the Web-based courses differed across studies. Students appear to do worse in Web-based courses than in lecture courses if the courses are relatively unstructured. For example, in Wang and Newlin's (2000) course, students were encouraged to collaborate with each other, and all examinations except the final examination were open book. There were apparently few deadlines and few requirements that had to be met by each student individually. Waschull (2001) posted lecture notes on the Web, but there were apparently no contingencies to ensure that students read these by certain dates. Students learned more in our very structured Web-based course than in our more traditional lecture course (R. H. Maki et al., 2000) . In the Web-based course, students were required to meet weekly deadlines to gain course points. In the lecture course, they simply were assigned reading material. Because tests occurred every 3 weeks, the students in the lecture course could put off reading until the night before the test. The specific activities in which the students engage, then, appear more important than the media by which the activities are delivered, a view consistent with that of Clark (1994) , who argued that media per se do not influence learning.
A second possible reason for the discrepancies among conclusions involves the characteristics of students who take the courses. Web-based courses may be better suited to some types of students than to others, and lecture courses may be better suited to those other students. Hiltz (1993) found that both ability and attitude explained variance in a series of regression analyses to predict grades and satisfaction in Web-based courses. Her measure of ability, verbal Scholastic Assessment Test (SAT) scores, related positively to course performance. The other significant predictor of student performance was an attitude measure. Students who found the Web-based course to be convenient performed better on examinations than those who found the course to be less convenient. However, with 12 predictor variables, only 14% of the variance in grades was explained. In contrast, Hiltz was able to explain 67% of the variance in satisfaction ratings with 18 predictor variables, including ratings of course convenience, ratings of ease of access to the professor, and ratings of course involvement. Hiltz did not examine how well the same variables predicted performance and satisfaction in traditional lecture classes. Sankaran et al. (2000) also found that attitude was important. They reported that students with a positive attitude toward the Web format learned more in the Web-based course than in a lecture course, but students with a positive attitude toward the lecture format learned more in the lecture course than in the Web-based course. (Sankaran et al., however, did not report statistical tests of the implied interaction.)
We also have examined personality variables in an effort to predict the differential performance and satisfaction in the Webbased and lecture versions of our general psychology course (R. H. Maki & Maki, in press ). Among these variables are the Big Five personality factors (McCrae & Costa, 1987) , including Extraversion-Introversion, Agreeableness, Conscientiousness, Emotional Stability, and Intellect or Openness to Experience. We found that students who were more introverted and who were more intellectual or open to new experiences performed better in both the Web-based and lecture courses than did students who scored Table 1 Summary lower on these characteristics. The relation between Openness to Experience and course performance may be due to the variance common to the openness and cognitive measures (Ackerman & Heggestad, 1997) . However, none of the personality characteristics predicted performance or satisfaction differentially for the two course formats. In this study, we switched our focus to the cognitive characteristics of our students. We were interested in determining whether preexisting comprehension skills mediate learning, performance, or satisfaction, or some combination of these, differently in Webbased and lecture courses. That is, student cognitive characteristics may interact with course format, producing an Aptitude ϫ Treatment interaction (ATI; Cronbach & Snow, 1977) . Three hypothetical ATIs are diagrammed in Figure 1 (which are a subset of those described by Snow & Yalow, 1982, Figure 9.5) . In each panel of Figure 1 , outcome is plotted as a function of skill level for both Web-based and lecture courses. For all three patterns, the average for the Web-based format is higher than the average for the lecture format. Thus, any of these ATIs could account for the superior learning and performance in the Web-based course reported previously (R. H. Maki et al., 2000) . The left panel illustrates the case in which the effects of instructional format are reversed for students with different skill levels. Although reputed to be rare (Landauer, 1995) , this ATI with a crossover pattern does occur (Shute, 1992 (Shute, , 1993 .
A second possible ATI is shown in the middle panel of Figure 1 . It might be argued that students with weaker comprehension skills would benefit more from the structured Web-based course because of the cognitive aids available in that course format. Students with a higher level of skill might be able to structure their own study in ways that would benefit them, leaving little need for external cognitive aids. This is the case where the advantage shown by the Web-based format (e.g., R. H. Maki et al., 2000) is explained by the compensatory effects of the Web-based format on the low-skill students. ATIs such as this have been shown, for example, in studies of user interfaces for database queries (Greene, Devlin, Cannata, & Gomez, 1990) .
There is some evidence that the opposite may occur from comparisons of hypertext (such as material found on the Web) versus more linear learning materials, producing the kind of ATI that is diagrammed in the right panel of Figure 1 . In this case, the advantage shown by the Web-based format is explained by the beneficial effects on high-skill students. Recker and Pirolli (1995) reported this kind of ATI in a study in which students studied two versions of the same text on computer programming. The hypertext environment was mostly beneficial to students who had learned more in an earlier programming session. Students who had learned less actually decreased in performance after using hypertext. Recker and Pirolli hypothesized that the lower performing students may have been overwhelmed by the amount of learner control provided by the hypertext environment, and thus they could not take advantage of the complex learning environment. Shute and Gawlick-Grendell (1994) reported a similar finding based on cognitive abilities. They compared learning from a computer-based statistics tutor with learning of the same material presented in a paper-and-pencil workbook. They divided participants (consisting of a community sample) into high or low cognitive ability on the basis of an extensive battery of computerized tests. Shute and Gawlick-Grendell found that low-aptitude participants performed similarly in the computerized and workbook conditions; however, high-aptitude participants performed better in the computerized condition. They hypothesized that the low-ability students did not benefit from the computerized tutorial because the novel learning environment required too many cognitive resources. Conklin (1987) argued that more cognitive resources are used in hypertext than in standard text environments because learners need to monitor their current location and make navigational decisions. This added cognitive overhead might make it difficult for students with lower ability to use Web-based hypertext materials effectively. Both Recker and Pirolli (1995) and Shute and GawlickGrendell (1994) showed ATIs using measures of cognitive abilities in the learning of specific material. They did not examine learning in an entire course. Yet the application of Web-based learning to college classrooms calls for the redesign of entire courses. Stu- dents of lower ability may be disadvantaged by such course redesign, whereas students of higher abilities may be given an advantage. This possibility is consistent with Snow and Yalow's (1982) hypothesis that measures of cognitive abilities "relate more strongly to learning outcome as instructional treatments appear to place increased information processing burdens on learners" (p. 531).
We designed this study to determine whether students with different levels of comprehension skill are affected differently by Web-based and lecture versions of an introductory psychology course. If such differences were obtained, then we were interested in determining which of the ATIs shown in Figure 1 would produce them.
Overview
Our Web-based course was the same as that described by R. H. Maki et al. (2000) . Lectures were replaced by other activities that we expected to facilitate learning. Chapter previews included study of definitions, chapter outlines, and answers to frequently asked questions, followed by a short quiz over the preview materials. Such activities have been shown to facilitate learning from text (Mayer, Dyck, & Cook, 1984; Rothkopf & Bisbicos, 1967) . Weekly computerized assignments involved active learning, including demonstration experiments and information seeking on the Web. Each of these was followed by a quiz with immediate feedback on performance. Students also took mastery quizzes consisting of randomly selected multiple-choice questions, and they received immediate feedback on their performance along with explanations about why answers were correct or incorrect (W. S. Maki & Maki, 2001) . Weekly deadlines for each of these activities ensured distributed practice that, although helpful for learning (Bahrick, Bahrick, Bahrick, & Bahrick, 1993) , is not typically done by students unless deadlines are in effect (Taraban, Maki, & Rynearson, 1999) . In addition to the Web-based activities, students met once a week with a graduate student teaching assistant, either to participate in an activity related to the week's course material or to take a midterm examination.
As in R. H. Maki et al.'s (2000) study, we compared three kinds of outcomes (learning, performance, and student perceptions) for these Web-based sections with standard lecture-test sections taught by the same graduate student instructors. In the lecture sections, students met three times a week. The instructors lectured on textbook material, encouraged discussion, and used some demonstrations. In both Web-based and lecture sections, students read the same textbook, covering approximately one chapter per week. All students took the same examinations.
We used a measure of comprehension skill as our cognitive ability measure. The levels of comprehension skills of students in both types of courses were inferred from scores on the laboratorybased Multi-Media Comprehension Battery (MMCB) developed by Gernsbacher and Varner (1988) . We selected the MMCB because it is a measure of general comprehension skills, derived from comprehension of auditory, written, and pictorial material. It also allowed us to examine the hypothesis that students who excel in different types of comprehension (auditory, written, or pictorial) would perform better in classes that emphasize different media. That is, lectures require auditory comprehension, but learning from Web-based material requires comprehension of written and pictorial materials.
We hypothesized that students who differ on the MMCB would differ in terms of outcomes of the Web-based and lecture courses. Students from Web-based and lecture sections were invited to come to the laboratory and participate in the MMCB. We then used students' levels of comprehension skill to predict their learning from, performance in, and perceptions of the two course formats.
Method

Design
We used a quasi-experimental nonequivalent-groups pretest-posttest design. Students selected the lecture sections or the Web-based sections of introductory psychology during each semester for 2 academic years (1999 -2000 and 2000 -2001) . Across the 2 years, three different instructors taught both the lecture and Web-based courses. During the fall and spring semesters of 1999 -2000, each of two instructors taught two Web-based sections (of about 25 students each) and one lecture section (of about 50 students). In 2000 -2001, one of those instructors taught Web-based and lecture sections in the fall, and a third instructor taught both types of sections in the spring. All instructors were doctoral students at Texas Tech University.
Procedure
Web-based versus lecture format. The primary material to be learned in all sections of introductory psychology was taken from a standard introductory psychology textbook (Kalat, 1999) . Students read approximately one chapter per week. The main difference between the formats was in the activities designed to supplement learning from the textbook. In the lecture sections, the supplement was three weekly class periods in which the graduate student instructors gave lectures or engaged the students in discussions or demonstrations. The graduate instructors offered review sheets and review sessions for examinations in their lecture sections.
In the Web-based sections, the supplement consisted of activities delivered via the Web, plus one weekly class session. Each week, students participated in four types of required activities. Each of these activities carried course points and, hence, participation was reflected in the final course grade. First, students were asked to preview the week's chapter by studying a chapter outline, reading answers to frequently asked questions, and exploring definitions of terms in the Web-based glossary related to the chapter. This was followed by a 5-item quiz over the material that was due on Sunday of each week. Points were given for correct answers on the quiz.
Second, students took Web-based, interactive multiple-choice mastery quizzes. These were created from the test bank provided by the publisher. With the publisher's permission, we placed about one half of the total test item pool (about 100 questions for most chapters) online. We augmented the online test bank with reasons why each alternative was correct or incorrect. When students requested a quiz over a chapter, 15 questions were randomly selected for the student. A database kept track of which questions the student had seen before and the accuracy of his or her answers to those questions. When students repeated a quiz for a chapter, they were presented with new questions, or, if they had seen all the test questions for a chapter, they were presented with those they had answered incorrectly. Students received immediate feedback on each quiz that indicated whether they were correct on each question and provided the reasons for why answers were correct or incorrect. Students could take as many quizzes as they liked over a chapter, but they had to pass two quizzes at 80% or better each week to receive the maximum course points. Quizzes were due on Mondays.
The third required activity each week was participation in an interactive experimental demonstration or a search of the Web for chapter-related material. For example, for the chapter on memory, students were given a memory-span test in which increasingly long strings of digits were presented for memory. For the chapter on biopsychology, they worked with a diagram of the brain in which different parts were highlighted when different functions were selected. For some chapters, such as the introductory one, we asked them to look for information on the Web. They were asked to find a large psychology department and classify the psychologists in the department according to the scheme given in the textbook (which included areas such as clinical psychology, biopsychology, and cognitive psychology). These exercises were followed by a short quiz, and course points were given for correct answers on the quiz. This was normally due on Tuesday each week.
For the last activity of each week, students were required to attend a class meeting on each Wednesday led by the graduate instructor. Students were usually required to bring in a worksheet from the Web-based exercise for the week so that data from the week's assignment could be pooled and discussed. The graduate student instructor taught this in-class portion of the Web-based course. The instructor also graded the worksheets from the weekly assignment and communicated with students about their grades.
Lecture and Web-based students followed the same course calendar and took the same examinations, based on the same textbook material, on the same days. Examination questions were taken from the half of the test bank accompanying the textbook that had not been presented as quizzes on the Web. Questions were nominated by the graduate student instructors and selected by the faculty instructor. Graduate student instructors were asked to suggest questions that were related to material they had covered in their classes in their lecture sections.
MMCB. The MMCB contains written, auditory, and pictorial components. Gernsbacher, Varner, and Faust (1990) reported that the measures from different media were highly correlated (.72-.92), and a factor analysis showed that there was one main factor extracted from the scores. However, R. H. Maki, Jonas, and Kallod (1994) found that the written and the auditory components were correlated (r ϭ .63), but neither of these correlated significantly with the pictorial component (rs ϭ .16 and .27, respectively). To demonstrate validity of the MMCB, Gernsbacher et al. reported that written, auditory, and pictorial MMCB scores correlated with verbal SAT scores at rs ϭ .64, .57, and .45, respectively. They also showed that individuals with higher MMCB scores were able to more efficiently suppress irrelevant meanings in sentence comprehension tasks. R. H. Maki et al. (1994) reported that the MMCB written component and the MMCB auditory component correlated with the comprehension portion of the more commonly used Nelson-Denny Reading Test (Brown, Nelson, & Denny, 1973) ; (rs ϭ .46 and .42, respectively), although scores on the pictorial portion of the MMCB did not correlate significantly (r ϭ .15) with the Nelson-Denny comprehension test.
We administered the MMCB in our laboratory. Students in the Webbased and lecture courses indicated that they were willing to participate in a laboratory experiment by noting their telephone number on a survey given during the first week of classes. They were called and scheduled to come to the laboratory in groups of 6. On arrival at the laboratory, students signed a consent form to participate for course credit. Each participant was shown into a small experimental cubical containing a computer. The materials and procedures were identical to those used by Gernsbacher et al. (1990) . The stories were children's stories modified by Gernsbacher and Varner (1988) for use in the MMCB. Participants were instructed to study the stories carefully so that they could answer questions about them. All participants read two stories containing 636 and 585 words, presented line by line on the computer monitor until 24 lines were presented and the screen was filled. After a short pause, the display was erased, and the second part of the story was presented line by line. Lines were presented at a rate of 185 words/min. After each story was read, participants answered 12 open-ended questions that were presented on the computer screen. The participants were allowed 20 s to write an answer to each question on numbered answer sheets. Next, participants heard two stories containing 958 and 901 words, read at a rate of 215 words/min on a tape recorder. Again, after each story, participants saw 12 questions on the computer screen, and they wrote their answers on an answer sheet. Finally, they saw two picture stories containing 31 and 32 pictures with no words, presented using a slide projector at a rate of 7.75 s/slide. Participants moved from their cubicles and sat in a hallway so that they could see the screen displaying the slides. After each story, they moved back into the cubicles and wrote answers to questions presented on their computer screens.
We scored the MMCB using the criteria developed by Gernsbacher and Varner (1988) . Gernsbacher et al. (1990) had reported that their scoring procedure for the MMCB produced a high correlation of interjudge agreement (r ϭ .99). In our study, about one third of the participants' responses were scored independently by two scores. The Pearson correlation coefficient for total scores assigned by each rater was .98, so we also had high interrater reliability.
Self-rated comprehension ability. Students in both the Web-based and lecture courses completed surveys in class during the first week (precourse survey) and last week (postcourse survey) of classes. On the survey at the end of the semester, we asked students to rate their comprehension ability on a 7-point Likert scale that ranged from (1) very poor to (7) very good. We were interested in whether this simple measure would discriminate among students as well as the more time-consuming MMCB measure.
Dependent Measures
The dependent measures and response scales are listed in Table 2 .
Learning. We measured students' subject-matter knowledge on both the precourse and postcourse surveys. The questions were selected from the practice test for the Psychology GRE (Educational Testing Service, 1994). There were 3-4 questions related to each chapter covered in introductory psychology. These questions are publicly disclosed questions from previously administered GRE tests, so they have adequate validity and reliability according to the Educational Testing Service's criteria for GRE tests.
Performance. In each lecture and Web-based section, students took four midterm examinations, each covering about three to four textbook chapters. During each semester, the examinations were the same for lecture and Web-based students. Examination questions were mostly selected from the test bank associated with the textbook. None of the questions used on examinations had occurred in the mastery quizzes for Web-based sections, although those questions were selected from the same test bank that accompanied the textbook.
Perceived learning, workload, and satisfaction. In Table 2 , the questions posed to our students regarding their perceived learning and perceptions of workload are listed. The workload measures were included because Greenwald and Gillmore (1997) reported that workload, mediated by expected grade, is an important factor in student ratings of course instructors. We also collected measures of expected satisfaction and interest in psychology on both the precourse and postcourse surveys (see Table 2 for details).
Participants
All participants were enrolled in General Psychology at Texas Tech University. Across the 2 years, a total of 297 students originally enrolled in the lecture sections, and 288 originally enrolled in the Web-based sections. In general, students did not know that the course used a Web-based format when they enrolled, although the Web-based course was marked in the schedule as using assignments on the World Wide Web. Only 8 of the 95 (8.42%) students signed up for the course because they knew it was mostly Web based. Most students in the Web-based section selected it because the time was convenient (74.74%), although some students reported that their advisors had recommended it (14.7%). Students selected the lecture course because of a convenient time (62.76%) or because their advisors had recommended the course (31.91%).
A total of 189 students (94 lecture and 95 Web) came to the laboratory to participate in the MMCB. Other students were either not interested in participating in the laboratory experiment or could not be contacted by telephone. The mean MMCB score for students in the Web-based sections was 113.6, and the mean score in the lecture sections was 109.1. The difference was not significant, F(1, 187) ϭ 1.56, MSE ϭ 630.82, p Ͼ .05 (the level of significance used for all analyses to be reported). Of the 189 who participated in the MMCB, 155 (74 lecture and 81 Web) also participated in both the precourse and postcourse surveys from which we obtained the measures of content learning, comprehension ability, perceived learning, workload, and satisfaction. For each analysis described subsequently, we used the data from all participants for whom we had complete data for that portion of the study.
Background Variables
The strength of the nonequivalent-groups, pretest-posttest design is that it allows determination of the equivalence (or nonequivalence) of groups by pretest measures. The pretest information we collected was used in two ways. First, as reported in the Regression Analyses section, we imposed statistical control by removing the variance due to these potentially confounding background variables. Second, we compared some characteristics of our participants directly as a check on the equivalence of the Web-based and lecture groups. Students' majors were identified from the official class lists. Majors were classified into six categories: science and technology (including biological and physical sciences, engineering, math, and computer science), preprofessional (including premedical, predental, prephysical therapy, other health professions, nursing, architecture, and prelaw), social sciences (including psychology, political science, mass communication, exercise and sports science, human development, and elementary education), humanities (including English, history, and philosophy), business (including all majors in the College of Business Administration and majors from Agriculture, including agribusiness and agricultural economics), and undecided. Table 3 shows the distribution of majors for the two course formats. A chi-square test showed that the distributions of majors were not significantly different, 2 (5, N ϭ 189) ϭ 2.70. Students were also classified into freshmen and sophomores and above, as shown in Table 3 . We used only two categories, because there were relatively few students who were above the sophomore level. The distributions of year in college did not differ statistically for the two course formats,
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(1, N ϭ 189) ϭ 1.76.
Results
Descriptive Statistics
Means for lecture and web-based courses. Table 4 shows the number of participants, mean scores, and standard deviations for the predictor variables (MMCB scores and self-rated comprehension ability) and the outcome variables for the Web-based and lecture sections. In addition, we report Cohen's d to show the effect size for the difference between the Web-based and lecture courses. We used two measures of learning: percentage correct on the GRE content questions at the end of the course and mean percentage correct on the four in-class examinations. Percentage correct on the GRE questions at the beginning of the course are also reported. Students' perceptions of learning are shown as means on the 5-point scale (with 5 reflecting more positive perceptions) for the quality of the learning experience and for perceived amount learned, both relative to other courses. Two workload measures-(a) mean hours spent on the course per week, as estimated from the mean intervals on rating scale and (b) workload relative to that of other courses-are shown. Finally, the table includes the three measures of satisfaction collected both at the beginning and at the end of the course (liking the course, interest in psychology, and likelihood of taking more psychology courses).
Correlations with comprehension ability. We computed Pearson correlations among the components of the MMCB, self-rated comprehension ability, and performance on in-class examinations. These correlations are shown in Table 5 . As can be seen in the table, there is no evidence that the various components of the MMCB differentially predicted Web-based and lecture performance in any way that was different from the composite MMCB score, so we added the three MMCB scores together and used the more stable composite MMCB score in all analyses. The MMCB scores produced moderately high correlations with measures of learning and performance in the Web-based course (bottom half of the table), but the MMCB produced low correlations with learning and performance in the lecture course (top half of the table). Self-rated comprehension ability correlated positively with the MMCB scores, with examination performance, and with final scores on the difficult content (GRE) questions, and the patterns were similar in the Web-based and lecture courses. Table 6 shows the correlations among the MMCB and the outcome measures for the lecture and Web-based courses. Although the MMCB was correlated with examination and content question scores and with workload, especially so in the Web sections (see bottom half of Table 6), the MMCB generally was not related to other outcome variables. Table 6 also shows the correlations among the outcome variables. Examination scores were related negatively with perceived workload in both types of courses. They were also related positively to perceived learning and to course satisfaction. The measures of course satisfaction, including the perceived quality of the learning experience, perceived learning, liking for the class, interest in psychology, and intention to take other psychology courses, were generally interrelated in both types of courses. 
Regression Analyses
We analyzed the data in separate regression analyses for six dependent variables. For each regression, variance related to background variables that may confound or obscure the differences between lecture and Web-based courses was removed first. For the dependent variables related to learning and performance, background variables included scores on GRE questions about psychology measured at the beginning of the course. For the measures related to satisfaction, background variables included ratings of expected course satisfaction, interest in psychology, and intention to take more psychology courses at the beginning of the course. For all regression analyses, variance associated with year in college (coded as "freshman" or "other") and variance associated with major were included in the group of background variables. Major was classified into six levels, and the variance was removed with five dummy-coded vectors. Major and year in college were included in the regressions because there were some differences in the distributions for the Web-based and lecture courses (see Table  3 ), although the differences were not significant. After removing variance related to the background variables, variance associated with the three instructors was removed with two vectors.
The two major predictor variables-course format and scores on the MMCB-were entered next into each regression equation. Finally, the interaction of these two variables was entered. MMCB scores were centered around zero to allow interpretation of the interaction (see Aiken & West, 1991) . If MMCB predicted variance differentially for the lecture and Web-based courses, we expected to find that the interaction between course format and MMCB scores produced a significant increment in R 2 . Learning predicted by the MMCB. Learning of course material was measured by increased performance on the difficult-content (GRE) questions. The results of the regression analysis predicting scores on the practice GRE questions at the end of the semester are shown in Table 7 . This regression was based on 151 students who had scores on content questions at the end of the semester. Background variables accounted for significant variance, but the instructor vectors did not increase R 2 significantly. However, both course format and the MMCB increased predictability. Finally, there was a significant interaction between course format and the MMCB. This interaction is depicted in Figure 2 . For each participant, we calculated residual scores after variance related to the background variables and instructor was removed. We then added Note. In this table, b values rather than betas are given because beta is not interpretable when variables are centered for interactions, as they were here; b is not given for the initial variables and for instructor because these were coded with multiple vectors. A positive b for course format indicates higher performance for the online course; a positive b for the interaction indicates a larger difference between the two course formats with higher Multi-Media Comprehension Battery (MMCB) scores. Background variables included beginning knowledge, major, and college classification. Degrees of freedom for the increments in R 2 (df change) were the same for both regression analyses. * p Ͻ .05. the mean for the posttest content scores to each residual. These are the data points shown in the left side of Figure 2 for the Web-based and the lecture courses. The black line is the best-fitting regression line for the Web-based course, and the gray line is the best-fitting regression line for the lecture course. As can be seen in Figure 2 , performance increased more in the Web-based course with increases in comprehension skill than it did in the lecture course.
We calculated regions of significance as described by Aiken and West (1991) . Performance in the Web-based course was significantly higher than in the lecture course for students whose MMCB scores were at or above 111.68; that is, from just above the mean MMCB and upward. (The beginning of the upper region of significance is marked by the vertical line in Figure 2 .) At the lower end, performance would be theoretically better in lecture courses than in the Web-based courses for students having the impossible MMCB score of Ϫ49.85 or lower. Thus, the pattern of learning that we observed is most similar to the third ATI shown in Figure  1 ; that is, students with greater comprehension skill benefited from the Web-based course more than did students with lesser skill.
Performance predicted by the MMCB. We conducted a similar regression analysis for the average of four class examinations that were the same for the two course formats. This regression analysis was based on the 183 students who took all examinations. The results of this regression analysis can be seen in the right half of Table 7 . Background variance related to scores on the pretest, college major, and college classification was removed first, followed by variance associated with instructor. Course format accounted for a significant increase in variance, with higher examination scores in the Web-based course than in the lecture course.
Students with higher MMCB scores performed better than students with lower MMCB scores. The interaction between course format and MMCB scores was significant. This interaction is plotted in the right half of Figure 2 . Again we obtained a residual score for each participant after removing variance related to the background variables and instructor and adding the performance mean to each residual score. The best-fitting regression line for the Web-based course (black line) and the best-fitting regression line for the lecture course (gray line) again show an interaction pattern.
We calculated regions of significance and found that students who scored above 133.13 on the MMCB (marked by the vertical line in Figure 2 ) had significantly better performance in the Webbased course than in the lecture course. At the lower end, students with MMCB scores of 6.59 and below would be expected to perform better in the lecture course than in the Web-based course. Because better performance in the lecture than in the Web-based course would occur only for MMCB scores that were below the range that we observed, we again concluded that the ATI is of the third type depicted in Figure 1 . Only highly skilled students benefited more from the Web-based instruction than from traditional lecture-based instruction.
Learning and performance predicted by rated comprehension skill. We performed a second set of regression analyses on the learning measures, using as a predictor self-rated comprehension ability instead of the MCCB scores. This analysis was based on the 151 students for whom we had rated comprehension scores. The results of this regression are shown in Table 8 . Background variance was removed first, followed by variance due to instructor. Course format predicted significant variance with higher scores in . The black line is the best-fitting regression line for the Web-based course, and the gray line is the best-fitting regression line for the lecture course. The vertical line marks the beginning of the upper region of significant differences between Web-based and lecture courses (Aiken & West, 1991) .
the Web-based course, and rated comprehension was positively related to content knowledge. However, there was no hint of an interaction; the increase in R 2 was essentially zero when the interaction component was added to the equation. The left side of Figure 3 shows the residual scores plus the GRE posttest mean as a function of rated comprehension. The best-fitting regression lines are essentially parallel, showing no interaction. Students who rated their comprehension as higher scored better on the content knowledge questions in both the Web-based and lecture courses.
The right side of Table 8 shows the regression analysis for the classroom examinations with course format and rated comprehension as predictors. Background variance and instructor variance were removed first. The change in R 2 due to course format was not significant in this analysis, perhaps because we did not have comprehension ratings for all students, resulting in less power in this analysis. Rated comprehension ability accounted for significant variance, but the interaction between rated comprehension and course format was not significant. Residual scores plus the examination mean are plotted for the Web-based and lecture groups in the right half of Figure 3 . The best-fitting regression lines for both the difficulty posttest questions and the examination scores show that the pattern for rated comprehension ability (Figure 3) is quite different from that obtained with empirically determined comprehension skill (Figure 2) .
Perceived learning. At the end of the semester, students were asked to rate their perceptions of learning in the Web-based and lecture courses (see Table 2 ). For one measure of perceived learning, the students rated the learning experience relative to other courses. In the regression analysis shown in Table 9 , we first removed background variance associated with major and year in college, and then we removed variance related to instructor. Instructor produced a significant increment in variance. Course format also predicted variance, with higher ratings related to the lecture course than to the Web-based course. MMCB scores and the interaction of MMCB scores and course format did not produce significant increments in R 2 . For a second measure of perceived learning, students rated the amount they had learned relative to other courses. The regression analysis shown in the right half of Table 9 produced a pattern that was similar to the learning-experience question. Instructor and course format yielded significant increments in R 2 , but comprehension skill and the interaction of comprehension skill and course format did not. For both of the perceived-learning questions the lecture format produced higher ratings than did the Web-based format, even though learning was actually higher in the Web-based course.
Perceived workload. The left half of Table 10 shows the regression with time spent per week on the psychology course as the dependent variable. We estimated time in hours by using the midpoint of each rating interval (i.e., we used 3 hr for the 2-4-hr interval). Background variance of major and year in college, removed first, was not significant. Instructor produced a significant increment in variance. Course format did not produce a significant increment in variance, although somewhat more time was reported for the Web-based course. Comprehension skill and the interaction between skill and course format did not account for significant variance.
The right half of Table 10 shows the regression predicting rated amount of work relative to other courses. Background variables did not account for a significant portion of the variance; however, students were more likely to agree with the statement that the course involved more work than other courses when they took the Web-based course than the lecture course. Students who were lower in comprehension ability were more likely to agree that their course involved more work, but course format did not interact with ability.
Course satisfaction ratings. Table 11 shows the regression analyses of three measures of satisfaction with the psychology course. For each of these ratings, we collected a precourse measure that was similar to the postcourse measure, and these were entered in the first step of the regression with other background variables. The regression for liking of the course is shown in the left side of Table 11 . Background variables accounted for significant variance, and instructor added a significant increment in variance. Course format also accounted for significant variance, with students preferring the lecture course over the Web-based course. Comprehension skill and the interaction of skill with course format did not add significant increments in variance.
Two factors that are known to relate to satisfaction with courses are workload and scores on examinations (Greenwald & Gillmore, Note. In this table, b values rather than betas are given because beta is not interpretable when variables are centered for interactions, as they were here; b is not given for the initial variables and for instructor because these were coded with multiple vectors. A positive b for course format indicates higher performance for the online course. Background variables included beginning knowledge, major, and college classification. Degrees of freedom for the increments in R 2 (df change) were the same for both regression analyses. * p Ͻ .05. 1997). We conducted an additional regression analysis that removed these two variables from the "liked" question before variance due to course format was entered. Workload (entered as time per week in hours and amount of work relative to other courses) did not account for a significant increment in variance (R 2 increment ϭ .025), but examination performance significantly increased the amount of variance explained (R 2 increment ϭ .057). Better examination performance was related to greater liking for the course; however, the variance associated with course format was still significant after variance related to workload and examination performance had been removed (R 2 increment ϭ .063).
Thus, students liked their lecture classes more than their Webbased classes, and this advantage cannot be explained by workload or actual success. The regression for interest in psychology is shown in the middle of Table 11 . Only instructor significantly influenced students' interest in psychology at the end of the semester. The right panel of Table 11 shows regression results for students' intentions to take other psychology courses. Background variables, including the precourse measure of intention, accounted for significant variance. Instructor did not add a significant increment in variance. Course format added a significant increment in variance, with students in the lecture sections indicating a greater likelihood of taking more psychology courses. Students with higher MMCB comprehension skill reported a greater likelihood of taking more courses than students with lower skill, but the interaction with course format was not significant.
Discussion
In our previous comparisons of the Web-based and lecture versions of General Psychology (R. H. Maki et al., 2000) , we found three consistent effects: Students (a) learned more and (b) performed better in the Web-based version, but (c) they liked it less. The learning advantage was expressed in larger pretestposttest gains on a set of (difficult) GRE practice questions. The performance advantage was shown by higher scores on in-class examinations. The satisfaction disadvantage was expressed in both lower ratings of the class and lower reported likelihood of taking more psychology courses. In this article, we have reported replications of all these effects. More important, however, we have presented evidence that advances our understanding of these effects in two ways. First, we discovered an individual-difference variable, measured (but not self-rated) comprehension skill, that appears to explain the source of the learning and performance advantage shown by students in the Web-based courses. Second, our analyses of variables mediating the course ratings act to limit the possible causes of the lesser satisfaction reported by those same students. We now explore and qualify each of these matters in turn.
Learning and Comprehension Skill
In this research, we used the MMCB (Gernsbacher et al., 1990) to measure comprehension skill. We originally thought that the MMCB might reveal differences between Web-based and lecture courses specific to one or more modalities (written, auditory, or pictorial); however, no such modality effects were found. Instead, we discovered that the overall MMCB score differentiated between the two course formats. Specifically, students with relatively Note. In this table, b values rather than betas are given because beta is not interpretable when variables are centered for interactions, as they were here; b is not given for the initial variables and for instructor because these were coded with multiple vectors. A negative b for course format indicates more positive ratings for the lecture course than for the online course. Background variables included precourse rating, major, and college classification. Degrees of freedom for the increments in R 2 (df change) were the same for both regression analyses. MMCB ϭ Multi-Media Comprehension Battery. a Degrees of freedom for the change in R 2 were the same for each regression analysis. * p Ͻ .05.
high MMCB scores were those who benefited the most from the Web-based format; students with low MMCB scores appeared to accrue no benefit at all (Figure 2) . Thus, it appears that good comprehension skills enable students to benefit from those features of the Web-based format that contribute to increased learning.
This research extends our knowledge of mediators of Webbased learning in two other ways. First, direct measurement of comprehension skill, although costly in terms of time and effort in a practical setting, is important. We found that measured skill predicts differences between Web-based and lecture courses (Figure 2) but that self-ratings of comprehension skill do not ( Figure  3) . Second, the results distinguish among the three possible ATIs depicted in Figure 1 . Our results show that the highly skilled students benefit most from the Web-based format (see right panel of Figure 1 ). This finding invites the question of the circumstances that might realize the ATIs in the left and middle panels of Figure 1 in which students with lesser comprehension skill benefit from some instructional intervention. One possibility is suggested by Shute's (1995) work on intelligent tutoring systems in which low-aptitude learners showed large benefits of the tutor on learning of procedural skills but not on learning of conceptual knowledge. Our Web-based course, being basically a general survey course, taught and assessed mostly conceptual knowledge. According to this reasoning, the mix of procedural skill and declarative knowledge in a course may determine which of the outcomes shown in Figure 1 are obtained from instructional treatments like the Webbased course.
Our conclusions about the role of comprehension skill in Webbased learning and performance, however, need to be tempered for two reasons. First, the MMCB is correlated with the verbal SAT and thus may be measuring more general cognitive functioning (Gernsbacher et al., 1990) . Second, the features of our Web-based course responsible for the learning and performance advantage are not known. For example, some combination of our interactive homework exercises, mastery quizzes, or group discussions may promote more active learning. However, the structure of the Webbased course, with its frequent and regular deadlines, is also a possible cause of the learning and performance differences. The general features of this structure, such as making the learners responsible for information processing, a relatively new curriculum, reliance on printed text for instruction, the relatively rapid pacing, and our advance organizers, are all instructional treatments that Snow and Yalow (1982, Table 9 .2) would have expected to confer advantage on our high-ability students.
Satisfaction
In spite of the increased learning in the Web-based course, students liked it less. We can now discount two possible sources of their dissatisfaction. Students in our Web-based course rated the workload for the course higher than did students in the lecture course; however, the difference in satisfaction remained when variance due to workload was removed. Like workload (Greenwald & Gillmore, 1997), course grades influence satisfaction, and our students' liking of the course was related to their examination performance. However, removing the variance due to examination performance still left a difference in satisfaction favoring the lecture course.
